Model resin composites incorporating ZnO-NP: activity against S. mutans and physicochemical properties characterization Although resin composites are widely used in the clinical practice, the development of recurrent caries at composite-tooth interface still remains as one of the principal shortcomings to be overcome in this field. Objectives: 
Introduction
Since their development, the use of resin composites in the dental clinical practice has increased exponentially. However, irrespective of advantages such as the capacity to mimic the optical properties of the dental tissues and the on demand , and increase the water sorption of the composites 4 . Different bacteriostatic and bactericide chemicals, e.g., chlorhexidine, Ag salts and particles, oxides, and others, have also been tested to confer antibacterial activity to resin composites 7, 25 .
Unfortunately, these chemicals also jeopardized the composites' physicochemical properties. 77.9 ± 9.7 5.2 ± 0.9 64.4 ± 3. particles with an average size of 0.7 µm (Esstech, MTT assay of metabolic activity 
Lactic acid production
After 72 h of biofilm formation, the medium growth was removed and the composite disks were rinsed with 1 ml of PBS. Then, the specimens were transferred to a new 24-well plate and rinsed with 1 ml of buffered peptone water supplemented with 0.2 % sucrose (BPW). This medium was replaced with a fresh one and the plate was incubated at 37°C in an anaerobic condition for 3 h 6 . After the incubation period, the BPW solutions were used for lactic acid analysis, which was determined using a lactate dehydrogenase (LDH) reaction. Afterwards, the increments were light-cured and the spectra were recorded again (n=3). The DC% was calculated from the equation (1):
Where R is the ratio between the integrated area of absorption bands of the aliphatic C=C bond (1638 cm -1 ) to that of aromatic C=C bond (1608 cm -1 ).
Flexural strength and elastic modulus (EM) in GPa were calculated using the equations (2) and (3), respectively:
Microhardness (KHN)
Five disk-shaped specimens (2.0 mm in diameter 
Statistical analysis
The data were analysed using Statgraphics 
Results

ZnO-NP size distribution
The result of the size distribution analysis is presented in Figure 2 . The ZnO-NP ranged from 7 to 810 nm, with a mean size of 12±19 nm.
Activity against S. mutans biofilm
The results of the MTT assay metabolic activity and the production of lactic acid by the S. mutans biofilm are depicted in Figure 3 . The composites E3, E4, E5 and E6 decreased the metabolic activity of the S. mutans biofilm (p<0.05). Contrarily, the MTT absorbance of E2 was not statistically different from that of E1 (Figure 3a) . Only the composites E5 and E6 reduced the production of lactic acid by the S. mutans biofilm (Figure 3b ) (p<0.05).
Representative SEM images of S. mutans biofilm on experimental composite surfaces are shown in 
Physicochemical properties
The results of the physicochemical properties of all the composites are summarized in has been extensively used to evaluate the antibacterial potential of dental materials 6, 7 .
Only the experimental composites with 1 to 10 wt.% of ZnO-NP presented activity against S. mutans biofilm (Figure 3a) , results that corroborate those of Aydin Sevinç and Hanley 2 (2010). Thus, the first null hypothesis of the present study was partially accepted.
Although the manufacturer states that the ZnO-NP tested here fall in the range of 40 to 100 nm, the size distribution analysis showed that more than 60 % of these particles presented a circle diameter lower than Caries starts with the progressive damage of the mineral structure of the dental hard tissues by organic acids produced by the cariogenic biofilm after fermentable carbohydrate intake 11 . Thus, quantifying the amount of lactic acid produced by S. mutans biofilm is also of great relevance in terms of antibacterial activity 6, 35 . Only the composites with 5 and 10 wt.% of ZnO-NP significantly reduced the production of lactic acid by S. mutans biofilm ( Figure   4 ), with the total amount of acid being three-fold less than that produced by the control composite. with the bacterial glycolysis and be retained in plaque by electrostatic interaction, which may provides a prolonged bacteriostatic effect.
Although there is no sound evidence about the real influence of DC% on the clinical performance of resin composite restorations, it is known that properties such as hardness, strength, and solubility are directly related to this response 13, 17 . Also, based on a strong negative correlation (r=0.91) between the degree of conversion (55 to 65%) and the abrasive wear of a hybrid resin composite in vivo 14 ZnO-NP wt.% and DC% (Figure 5a ). This result is in accordance with a previous study 3 , which showed that the higher the concentration of ZnO-NP, the lower the degree of conversion of experimental adhesives.
Most probably, the decrease in the translucency of the composites with higher content of ZnO-NP (Figure 5b ), due to the dissimilarity between the refractive index of the Bis-GMA:TEGDMA (70:30) blend (1.52) 29 , and that of ZnO-NP (2.02) 5 , could explain this finding.
As in the present study, Tavassoli Hojati, et al.
31
(2013) also showed that the flexural strength was not affected by the incorporation of ZnO-NP. On the other hand, in that study the elastic modulus of composites with ZnO-NP were significantly higher than those of the control composite. As FS and EM are properties that involve a 3-dimensional material behavior, which is dependent on the material microstructure, it is assumed that in the current study the ZnO-NP reached a good dispersion inside the composites 15, 31 , thereby not jeopardizing FS and EM ( ), while the other composites did not differ from each other ( Table 1) .
As ZnO is an amphoteric oxide insoluble in water and alcohols, this behaviour can be only explained through the lowest DC% developed by E6 (Table 1) . This thought is supported by previous studies that showed good relationships between the degree of conversion and solubility of different resin-based materials 17, 24 .
Because the degree of conversion, hardness, water sorption, water solubility, and translucency were influenced by the different amounts of ZnO-NP, the second research hypothesis of the current study was rejected.
Conclusion
Although the translucency was negatively affected by ZnO-NP, it is reasonable to conclude that the incorporation of 2 to 5 wt.% of ZnO-NP may endow antibacterial activity to resin composites, without jeopardizing their physicochemical properties.
Irrespective of these findings, aspects such as the effect of pH-cycling, in situ simulations, and long-term evaluation must be addressed in future investigations. 
